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ABSTRACT

€ESIUM-137 RETENTION AND DISTRIBUTION IN
X-IRRADIATED RATS

Ongcr o

. [
T To-study-the influence of external ionizing radiation on the re-
tention and distribution of the long-lived fission-product, cesium-137,
4n the rat. .- - L APy 4

RESULTS

I:rnmediéx!ely following a total body exposure of 300, 600, and 900 r
of 250 kv X-rays, rats were injected intraperitoneally with 1 pc solution
of cesium-137. Rats given cesium-137 only served as controls. The
A-irradiated rats excreted more cesium over the three-day period fol-
lowing irradiation exposure than did the control group. In a separate
tissue distribution study, the largest part of the injected cesium dose
was found in the muscle. Cesium was also concentrated to a smaller
extent in the small intestine, liver, bone, and large intestine. The ir-
radiated rats retained less cesium-137, expressed as mean per cent of
injected dose, in muscle, bone, blood, small intestine, and spleen;
whereas more cesium was held in the stomach and liver. The cesium
content of whole organs was reflected, with the exception of stomach
and spleen, to the same -extent when considered on an organ unit-weight
basis.

CONCLUSIONS

:\ An analysis of the data indicated that the increased cesium excre-
tion in the X-irradiated rats was primarily related to the greater urine
volume (diuresis accompanied by increased water intake) in these rats
resulting from radiation exposure. Increased urine excretion of cesium
probably accounted for most of the lower values observed for cesium in
the organs of the irradiated rats.> The gastrointestinal concentrations
of cesium-137 are explainable on the basis of gastric retention and de-
layed intestinal motility characteristic of the rat species following ir-
radiation exposure. The liver concentration may be related to its cor-
responding weight increase following irradiation exposure; whereas the
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spleen appeared to lose weight at a greater rate than it lost cesium.
Tke failure of bone in the irradiated rats to take up cesium to the same
extznt as the control rats may be due to decreased blood concentration
of .cesium in these rats or it may retlect direct irradiation effects on

the lzone.-R

RECOMMENDATIONS

The cesium-137 concentration in the bone of X-irradiated rats
should be studied for various radiation doses and for various times fol-
lewing irradiation exposure. The cesium-137 distribution in rats given
a éiuretic drug should be studied and compared with the findings report-
ed iIn this study for X-irradiation exposure.
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CESIUM-137 RETENTION AND DISTRIBUTION IN
X-IRRADIATED RATS

I.  INTRODUCTION"

Although the animal and hurnan metabolism of fission-products
has been cxtensively explored, the influence of external ionhizing radia-
tion on the uptake, distribution, and excretion of such elements has re-
cecived comparatively little attention. Since both environmental exposure
and clinical toxicity of these two sources of radiation may be interde-
pendent, an experimental investigation of their combined short term-ef-
fects in mammals has been undertaken.

Ulmer, Perkinsg, and Kerciakes (1) studied the distribution of
iodine~131 in rats 24 hours after whole-body X-irradiation and found

marked alterations.comparcd to the-isotope distribution in non-irradiated K

control animals. A reduction of 20 per cent in urinary and fecal loss of
radioiodine occurrcd post-irradiation. As a consequence, increased
radioactivity appeared in the blood, miost of the organs, and particular-
ly in the contents of the stomnach and the pelt.

The present report is concerned with more detailesd investigations
of the retention and distribution of the longer-lived fission product,

cesium-137, in rat tissue following whole-body radiation cxposure.

IL. EXPERIMENTAL

For exposure to whole-body X-irradiation the rats were placed
two at a time in a shallow lucite cage. X-rays were delivered by a
General Electric Maxitron Unit operated at 250 kvp, 30 ma, 4.75 mm
Be inherent filtration, 1 mm Al + 0.5 mm Cu added filtration, HVL
1.1 mm Cu. The dose mcasured in air with a 250 r Victoreen loniza-
tion Chamber was 140 r/min at a target-midline rat distance of 56 cm.

Cesium Retention

Male Sprague-Dawley rats weighing 160-250 grams were divided
into the following groups: Cesium-137 injected only (controls), and
cesium-137 with 300 r, 600 r, or 900 r whole-body radiation exposure,

Immediately following X-ray cxposure the rats were injected
intraperitoncally with 1 ml of a ncutral aqucous solution containing 1 pe
of cesiurn-137 (chemical form - CsCl). An aliquot of the solution was
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set aside to be used as a standard. The rats were housed individually
in metabolism cages to allow both separation and quantitative collection
of urine and feces and accurate measurement of the water ingested.

The rats were starved but were permitted water ad libitum. Control
rats (those receiving cesium-137 but not irradiated) were handled in

the same manner as th‘.?.j,l;radiatcd rats. Ten minutes after injection

of the isotope the animal was Piaced in a glass tube {1-3/4 inches in
diameter by 8 iriches long) having holes at one end for air and a rubber
stopper at the other end. The rat and tube were placed inside the well
of a Nucleonic Courporation of America Supersensitive Large-Well
Geiger~Counter (Fig. 1). The well in this counter measures 2 inches

in diameter by 12 inches in length. This well-counter consists of
muiticylindrical elements with mesh walls concentrically arranged a-
round the well. Its pulse size and shape are the same as the ordinary
Geiger-Miller pulse. However, the above element arrangement over- |
comes to some extent the recognized limitations of the ordinary Geiger-
counter, e.g., namely the insensitivity togammarays, long resolution
time, and shortlife. Thewcll-counter was connected toa Radiation Count-
er Laboratory Scaler and-was shielded all around with1-1/2 inches of lead.

The whole-body count measured 10 minutes after injection of
cesium served as the control for each animal (i.e., the ''100 per cent
whole-body count"). Whole-body counts’'on cach rat were repeated at
7 hours, and at 1, 2, and 3 days following injection. Total water in-
gestion, urine volume, and fcces weight were measured each 24 hours.
Aliquots of urine and digested fcces (after digestion in nitric acid)were
placed in test tubes and counted with a Radiation Counter Laboratory
Well-Type Scintillation counter having a Nal (T1) crystal.

Cesium Distribution

Male Sprague-Dawley rats weighing 170-220 grams were - selected
from litter mates taken after weaning and housed four to a cage until
they attained the desired weight. Immediately after exposure to 900 r
irradiation under the conditions described above, the two irradiated rats
as 'well as two control {(sham-irradiated) litter mates were injected intra-
peritoncally with a 1 ml saline solution containing 5 pc cesium-137. At
the time of injection an aliquot of the cesium solution was set aside for
usc as a standard. The animals were then separately housed in metab-
olism cages. Food was withheld but water was given ad libitum,

Twenty-four hours after X-ray exposure the rats were lightly
anesthetized with cther and killed by exsanguination from the abdominal
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aorta. The major -internal orgahs were removed intact. A muscle
sample was taken from the left thigh while the right gonad and-right
fermur were utilized for analysis. All organs were stripped of ex-
traneous connective tissue, washed carefully, blotted dry; and weighed.
The contents of the stomach, small intestine, and large intestine were
included in the analyses of these organs; feces were added to the con-
tents of the large intestine. Whole organs or 1 to 2 gram portions
were weighed and taken for analysis. All samples were wet ashed in
hot concentrated nitric acid and diluted as necessary for counting:
Samples were counted in a volume of 3 ml in the well-type scintillation
counter described above. ’

For final c«a-lculations;. muscle was considered to constitute 45
per cent of whole-body weight and blood volume 5.3 ml per 100 gram
body weight; bone weight was estimated from standard tables: (2).

III. RESULTS

Cesium Retention

The results of the retention study are shown in Tables 1 and 2.
Rats receiving cesium-137 only will be referred to as the control group.
The body weight of the control group (food withheld) decreased to 77.7
per cent of the initial body weight in 3 days; whercas the body weight of
the irradiated rats decreased to 74. 3 to 77. 2 per cent of their initial
weight during this time interval.

Exposure to ionizing radiation significantly alters the retention of
cesium-137 by the body of the rat. The whole-body content of this iso-
tope at 7, 24, 48, and 72 hours after’ cxposure to irradiation of 300 r to
900 r is shown graphically in Figure 2. Uniformly, and from the time
of carlicst measurcement, the irradiated animal retained less cesium-
137 than did the corresponding non-irradiated controls. Morcover,
this response to irradiation was of progressively greater significance
with time, being most marked on the final day of observation. The ef-
fect was not directly proportional to radiation dose, however, being
maximal in those animals exposed to 600 r.

As a necessary corollary, exposure to ionizing radiation should
significantly increase the rate of climination of ccsium in rats. This
is demonstrated by measurement of urinary cesium-137 radioactivity
(Fig. 3). In all instances, urinary excretion of the isotope is increased
subsequent to X-irradiation., Excrction by this route was maximal on
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the first day after exposure to X-ray (up to 12 per cent of the injected
isotope) and fell off rapidly thereafter. The quantity of radioactivity

in the feces was small, amounting to less than 1 per cent of the injected
dose of cesium for both groups and appecared to be proportional to the
volume of fecal material (Tables 1 and 2).

Cesium Distribution

The data are expressed as 1) mean per cent of injected dose per
total organ, and 2) mean concentration of radioactivity {counts per sec-
ond per gram of sample divided by counts per second injected per gram
of body weight) (3). The latter values are calculated to compensate for
changes in organ weight and variations in body weight. These results
are given in Table 3 along with calculations for the 't" test and prob-
ability values.

In both control and X-irradiated animals the greater portion of
the injected isotope was found in muscle. Analyses of the other tissues
indicated that cesium was also concentrated, but, to a lesser extent, in
the small intestine, liver, bone, and large intestine. The data for all
the tissues studied are shown graphically in Figure 4.

Irradiated rats retained less cesium-137 in the muscle than did
control rats, probably reflecting increased cesiuin excretion into the
urine. As in the retention study the total urine volume was uniformly
greater in the irradiated rats and was accompanied by increased content
of cesium-137. There was a corrcspondingly greater ingestion of water
in irradiated animals. The blood concentration of cesium was signifi-
cantly higher in the control rats. There was no significant difference
between the two groups in the 24 hour cesium content of gonads, heart,
kidneys, and large intestine. Bone, small intestine, and spleen retain-
ed less cesium in the irradiated rats, while the liver and stomach con-
tained greater cuncentrations of the isotope.

The distribution of cesium was, in gencral, unchanged when cal-
culated on a unit weight basis. Two exceptions were the spleen and the
stornach plus contents. On a unit weight basis, the spleen retained
morce and the stornach less cesium in the irradiated rats,

IV. DISCUSSION

Cesium-137 has a half-life of 30 years and emits 1,17 Mev (8 per
cent) and 0. 51 Mev (92 per cent) beta particles {followed by 0. 662 Mev
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gamma rays. As one of the alkali metals, it would be predicted that
‘the organ distribution of cesium should resemble that of potassium.

] ! In this regard excretion and distribution studies with the fission prod-
ucts, cesium-135 and cesium-138, were reported by Hamilton (4), who
found a relatively high accumulation in the soft tissues, especially mus-
cle, and a low uptake in the skeleton.: Absorption from the intestinal
tract was found to be 100 per cent after ingestion with about 50 per cent
being excreted within 10 days.

e
vt ARG IS - meedme oy
N

Hood and Comar (5, 6} studied the metabolism of cesium-137 in
the rat. Cesinm was widely distributed in the body. Skeletal accumu-
lation, represented by isotope concentration in the femnur, was found to
be quite small. The greatest accumulation and most tenacious retention
was in muscle tissue, although this tissuc accumulated cesium.at a
slightly lower rate over the first week than did liver, spleen, and kidney.
Blood always had the lowest concentration, so the tissues may have
taken up cesium against a concentration gradient.

Ballou and Thompson (7) investigated the effect of acute and chronic
administration of cesium-137 in rats. The experiments on acute admini-
stration of the element were of particular interest to the present discus-
sion. After a single dose the retention of cesium-137 was followed in
cleven organs and tissues for a period of 200 days., Muscle was again
found to be the critical organ.

The present study both confirms results in the distribution of
cesium reported by other workers and extends these data to encompass
the effect of the added stress of external whole-body irradiation ex-
posure. The results clearly indicate a greater excretion of cesium-
137 in the irradiated rats, quite probably related to the increased
urinary volume in these animals. Hence a major increase in the ex-
cretion of this isotope apparently may be brought about by inducing
diuresis. To ascertain if, indeed, such urinary losses of cesium in

. irradiated animals excceded the control values primarily as a function
of incrcased urinary volume, the observations for the 3 days were
pooled and normalized by assuming that the number of counts per urine
sample was a constant fraction of the urine volume. The difference be-
tween the observed urine counts and those predicted on the basis of the
changes in urinary volume were then obtained.  There was no significant

1 . +difference between the observed and predicted urine counts, strongly

suggesting that the urinary losses of cesium in the irradiated animals
and increased urinary volume are cansally related phenomena,
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The water, metabolism in the rat following X-irradiation has been
studied by Edelmann (8, 9).. Both ingestion and excretion of water are
increased on the first day after irradiation and are proportional to log
dose, at least in the range of 75 r to 600 r. If the fluid intake was
restricted for 24 hours immediately following irradiation, urinary
volume still increased. Hence Edelmann felt that diuresis preceded
and may, in fact, be the cause of polydipsia. Serum taken from the
irradiated rats within 24 hours after exposure to irradiation and assay-
ed for an "antidiuretic substance, " probably the antidiuretic factor of
the posterior lobe of the pituitary gland, was found to contain smaller
concentrations of this substance than did the. serum of unirradiated con-
trols. At least the first period of diuresis, therefore, coincides with
a decreased amount of circulating antidiuretic substance. It would ap-
pear that cesium in body water would be markedly affccted by this
diuresis and the concomitantly increased water intake contributing, in
a great part, to the differences in the excretion of the element,
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If the tissue deposition of cesium is examined further, several
interesting fcatures are noted. In general, the organs of irradiated
animals contained less cesium, as would be predicted from the greater
urinary losses in this group (Table 3). The increased gastrointestinal
concentration of cesium, probably due to gastric retention and delayed
intestinal motility (10,11), may also influence the distribution pattern.
Although there is more total cesium in the stomach of irradiated ani-
mals than in the control group, it is more dilute and accounts for the
lesser ccsium concentration in‘the adjoining small intestine. The
variations. in concentrations of cesium in the liver and spleen are most
likely related to weight changes in these organs subsequent to irradia-
tion. The liver weight increased by 24 per cent at 24 hours in the ir-
radiated rats. It has been postulated that such a post-irradiation in-
crease in liver size is due to an increasc in glycogen storage (12). The
mean weight of the spleens in the irradiated rats decreased by about 50
per cent at 24 hours., It would appecar that the spleen in these animals
lost weight at a greater rate than it lost cesium,
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Of considerable intercst is the striking failure of bone in the irrad-
iated animal to take up cesium at 24 hours to the extent which occurs in
the control animal. The concentrations in bone rnay be duc to decreased
blood concentration of cesium in these rats or it may reflect direct ir-
radiation cffects on bone. A further detailed study of this phcnomenonis
warranted.

V. CONCLUSIONS

An analysis of the data indicated that the increased cesium excre-
tion in the X-irradiated rats was primarily related to the greater urine
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volume (diuresis accompanied by increased water intake) in.these rats
resulting from radiation exposure. Increased urine excretion of cesium
probably accounted for most of the lower values observed for cesium

" in the orgauns of the irradiated rats. The gastrointestinal concentrations
of cesium-137 are explainable-on the basis of gastric retention and de-
layed intestinal motility characteristic of the rat species following ir-
radiation exposure. The liver concentration may be related to its cor-
responding weight increase following irradiation exposure; whereas the
spleen appeared to lose weight at-a greater rate than it lost cesium.
The failure of bone in the irradiated rats to .take up cesium to the same
extent as the control rats may be due to decfeas_ed blood -concentration
of cesium in these rats or it may reflect direct irradiation effects on
the bone.

V. RECOMMENDATIONS

The cesium-137 concentration in the .bone of X-~irradiated rats
should be studied for various radiation doses and for various times fol-
lowing irradiation exposure.

The cesium-137 distribution in rats given a diuretic drug should
be compared with the findings reported in this study for X-irradiation

exposure.
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* EFFECT OF STARVATION 1N X- IRRADIATED RAYS

- 0 T

‘43 Time Followin Bod Faces Urine Water
Co'udxtfon ‘Exposure 9 ) we;glt Weight . Volu'me Int_a_lte
days groms gams ol =
) 1 8.8 ¢ 1.3 (13)° 1.07% .54 (I7)* 17:7 (11)* 13¢£8 €N°
C’_m;‘l"’ 2 82.9 £ 2.5 (18) 424 .30 (I7) 6+3 (15 7+4 (19
3 77.7 £ 3.0 (18) 32 ¢ .18 (17) 43 (1IN 4§12 (%
. 1 83.9 ¢+ 1.5 (3 Al ¢ .28 (9) 29 ¢ 11 (10) 22 ¢ 11 (10)
Cesium- 137 2 2.741.5(100 31t:369 8:6 (100 927 (10
3 76.8 £ 2.2 (10) 76 £ .41 (10) 4+ 4 (10) 3+3 (10
| 1 91.0 : 1.6 (13) L33 % .20 (12) 41 & 15 (14) 45 213 (13)
Cesiun 137 2 83.2 £ 2.1 (14) .34 % .30 (12) 22 % 12 (14) 18 ¢ 16 (i2)
3 77.2 ¢ 2.4 (14) .54 ¢ .23 (14) S+4 (14) 524 (14)
. 1 8.2 ¢t 2.3 (19) A6 £ 40 (17)  SY & 19 (1L 44 & 26 (16)
5:31336137 2 20.4 £ 2.4 (19) 38 2,38 (1) 26 211 4D 26 &£ 12 (13)
- 3 74,3 ¢ 3.3 (18) 40 £,..20 (17) 0 8+3 () "7:5 (19
‘Nuxkers in parenthesis indicate nusber of rats, -
“ TABLE 2
CESIUM-137 RETENTION IN_ X- IRRADIATED RATS
Condi}ion T"ﬁxgggjrzinq- g:;;l Urine Feces
days % of injected % of ipjec;ed % of injected
.007 94.5 £ 2.9 (19} . .
Cesiun-137 1 83.7 ¢ 1.9 (17) 6.8 ¢ 1.8 (16)° 0.8 £ 0.4 (12r
only 2 84.5 ¢ 2.8 (17} 2.6 204 (1) 0.5 £ 0.3 (13}
3 79.8 ¢ 2.9 (17) 2.5 £ 1.4 (18) 0.4 :0.2(16)
007 M8 ¢ 0.9 (8) . .
Cesium- 137 1 .3 £ 1.5 (9) 3.4 1 1.3 (10) 0,2 + 0.1 (8)
ad 300 £ 2 0.7 ¢ 14 (9 2.8+ 0.3 (10) 0.4 2 0.2 (10)
3 78.2 £ 1.3 (8) 2.6 £ 0.8 (1) 0.6 £ 0.3 (9
007 91.7 &+ 1.8 (13) . -
Cesiur- 137 1 83.4 ¢ 1.9 (13) 11,7 £ 2.5 (14) 0.4 ¢ 0.3 (13)
and 00 r 2 77.4 £ 2.9 (13) 4.3 ¢ 0.4 (13) 0.4t 0.2 (13)
3 73.4 ¢ 2,9 {13) 2,6 ¢ 0.5 (13) 0.4 £ 0.2 14)
.007 93.8 ¢ 1.8 (13) . .
Cesium137 1 8.1 ¢ 3.0 (18) 9.7+ 2.3 (18) 0.4 ¢ 0.4'(13)
and 900 r 2 80,0 ¢+ 3.5 (18) 5.5 1.1 (W) 0.3 ¢ 0.3 (14)
3 74.5 £ 3.9 (13) 3.4 0.8 (1N 0.4 £ 0.3 (18

‘Nuzkers in parenthesis indicate nusker of rats,
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US Air Porce Aerosjace Medical Center (ATC), USAF Hospital, lackland Air Force Base, Texas

Wright Air Develciment: Division, Wright-Patterson Air Force Base, Chio, Attn: WWRDAS
Aerospace Medicel Likrary
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) § :':rlq)onge L\'a(ionul laboratery, 9700 Scuth Coss Avesue, Argonne, 1llinois, Attn: Hoylande
. Young

1 Central Intelligence Agency. 2430 E. Street, X. ¥., ‘¥ashington, D, C., ‘Attn: 1331, R&S
Building ) :

1 G\é:;;chbefense Atomic Support-Agency, ¥Wasbingten 25, D. C., Attn: Docurent Litrary

1 Civil Aeroredical Rescurch Institute, Federal Aviatica A g i
Ok lehorar ity Oklu;ww e«deral Aviaticn Agency, Post Offjce Box 1082,

1 Civil Defense Mobilization, Technice! Refervase Library, Battle Creek, Michigan, Atta:
Virginia A. Staggers, Director ’ ' :

2 Na:icm;l ;nstitut-.- of Health, Neticnal Corcer Institute, Hodiation Branch, Bethesdc 14,
Mary lan

1 Notional jnstitute of Health, Labrary. Builzizg IC Roos SN118, Bethesda 14, Marylang,
Attn: Acjujsitions Sectioca

1l Hational Institutes of Meulth, Livisicn of Hese:izch Cremts, Inforgction Cffice, Betbesda,
14, Marylond

1 Natienal Library of aicine, Washington 23, . C.. &ttn: .Head Acquisiticen Section

1 National Resecrch Cwuncil, Division of Mezicsi Sciences, Medical Racords 2101,
Constitution Avepue, N, W., #cshiagtea 25, 1. C.

2 US Atomic Energy Ceomission, Division of Risle;y @ud M:dicine, ¥ashington 23, D. C..
Attn: Bobert L. Corshie

1 US Ateric fuergy Cornission, Office of Tochaicel Inforzation Fxtension, -Post Office Box
t2, Quk Hidge, Tennessce )

OTHER AGENCIES
1 Arctic Health Kesearch Center, Likrary, Box §60. Anchorage, Alaska
2 Beeing Airplene Company, Aerospace Division, Secttle 23, Washington, Attn: Dr. Roemey

PO o

He Lowry,Box 19-29, (hief, Spoce M<icine Sectica

Boeing Airplone Corguny, Likrary, Wichita Diessicn, Wichita 1. Kansas

Boeing Airplane Curpany, Central Medical Litrary, Box 1140, Post Office Bos 3707, Seattle
24, Washington

Brookhaven Natianal lakoratory, Pesearch Litrery, Upt:n, Lung Island, New York

Division of Rodiological Health - BSS - Departzent of liealth Education end Welfere,
Room 5629 South HEX¥ Building, ¥ashirgtea 25, D C.

General Flectric Company, Advanced Electrenics Center at Cornell University, Ithaca,
New York, Attn: Library

General Electric Compnny, Technicsl Vilitery Flmmning Operation, TENPO Litrary, 735 State
Street, Santa Barkura, California

Jokn Crerar Litrary, 26 Fast Rencelph Street, {hiccgo 1, Illineis

Kinys County Hospital, Departzent of Anesthesiolojy. Rrooklyn, Nes York, Atta: Mw_ S,
¥, Yeitzner

lunkencu Hospital, Division of Resecrch, Lenccster and City Line Avenues, Fhilcdelphia
31, Pennsylvania

Linfield Research Institute, McVinaville, Oregon
Movo Clinic, Section of BRiophysics, Rochester, ¥iznesota, Attn: or. Keuneth N. Ogle
Mercy Hospital, Anesthesia fwsecich Ldboratory, Pattsburgh 19, Pennsylvonia

Motorola Incorporated, Systees Research laboratory, 9330 Indiana Avenye, Riverside, -
California

Nationa} Aerurautics and Space Ad=iaistration, (320 H, Stieet, N, ¥,, Washington 28§,
S. C., Attn: Bertras A. Mulcchy. Asst, Directer for Technical Inforzation

Rand Corporation, 1700 Main Street, Scata Matica. Colifornia, Atta: Litvory

Systers Reseurch Center, Lockheed Llectromics Conpany, Pest Office Box J7, Bedrinster,
New Jersey

Yetkes labotatories of Primate Biology. Inccejotated. (range Turk, Florida, Atwma:
Dr. A. J. Riojelle
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Copies

1  Albomy Medical College Library, New Scotldnd Avenve, Al%eny 8, New York

1  Bowsan Gray School of Medicine Library, Kinston-Salem, North Coroline

1  Ccllege of Nedical Evongelists, Vernier Radcliffe Memorial Labpratary, Lima.Linda,
Calif exnia

1 College of Medical Evangelists, Fhite Merorial Mediccl Lib « 1720 Braok :
Los Agneles 33, California il wRray Iym Kvenue,

1 College of Fhysicians of Philadelihia, Litrory, 19 South 2nd Street, Philodelphiu 3,
Pennsylvamia )

1 Colurkic University Medical Lidrary. 630 ¥est 183th Street, New York 32, New York

1 Coroel) University Medical College Litrary, 1300 York Avenue, New York 21, New York

1 Creighton University. Medical Pharracy Likrery, 1461 Devenport, ‘Omcha 2, Nebraska

1 IDurtzeuth College Medical Library. Baker Puilding, Hanower, New Harmpshire

1 Floriod State University, Deporizent of fsythology. Tallahassee, Florids, Attn: Dr.
¥. ¥. Dowscn : :

1 Harvard ¥edicel Library, 25 Shettuck Street, Boston 15, Mossachusstts, Attn: Library

1 Indiaa University Medical Center, School of Medicine Library, 1100 ¥est Wichigan Street,
Indicnopolis 7, Indianc

1  Indiona Tniversity-Wedical Center, 1180 ¥est Michigun Street, Indimazpelis 7, Indiane,
Jtwn: Dr, Harris B Shurocker. Jr.. Proiessor of Surgery

Jef furson ¥edical College Lakrary, 1023 Walaut Street, Philadelphia 7, Peansylvania
Johns Hopkins \lniversity, ¥elch Mezical Likrary, 1900 E. Monurent Street, Baltimore 5.

Harylaod .

1 Jdl':;x; Hopkins University, Operations Research Office, Bethesda 14, ¥aryland, Attn:

rary .

1 Wrguette University, Wedicai-Dental Library, 500 North 16th Street, Milsaukee 3
¥izcensin

1 Wedical College of Virginia, Torpking-McCaw Likrary, ‘Rithmond 19, Virginia

1  %ew York Acodemy of Medicize, Librory, 2 East 103rd Street, New York, 29, New York

1  New York University Medical Center, Medical Litrary, 550 First Avenue, New York 18,
New York

1  Northwestern University, Medicsl Schocl, Architald Chureh Likrary, 333 E. Chicago Avenue,
Chicago 11, Illinois

1 (hio State University, The Chexical Abstracts Service, Coluzbus 1D, Chio

1 Chio State University, Engineering Txj¢rizent Station, The Systers Resecrch Group, 156 W.
15th Avenuve, Colurkus 10, (Rio

1 Chio State University, School of Optemetry, Colurlus 10, Chio

1 Push Medical College Litrary, 1758 ¥est Harrison Street, Chicugo 12, illinois

1  Stonford University, lone Medical Litrery, 300 Pasteur Road, Palo 8lts, Saliforniz

1  St. Louis University, Vedical Schoel Library, 1402 South Grand Boulevard, St louis &
Vissouri .

1 State Lniversity of lowa, College of Medicine Litrary, Medical Laboratories Building,
Ieva City, lowa

1 State University of New York, Dosnstcte Medical Center, 450 Clarksca Avenue, Braokiya 3,
Nes York, Attn: Mical Likrariam

1 Tq;_cl University Medical Center Litrcry, Jesse H. Jones Library Building, Houstea 25,

exs
1  Tulcne University School of MWedjicire, 1430 Tulane Avenve, New Orleans 12, lLouisiona,

Atta: G. E. Burch, N.D.. Professar of Mdicine

Coliand X4

"

Ania-e /e any ket

IS5 Arae




IR A RV

P LTIt R N

v

T

No. of

JEDICAL CGOLLEGE/SCHOOL LIERARIES AND DEPARTMENTS

Copies

1

- N

o Pt p et pe

[

W o

[

Vanderbilt University. School of Medicine, Nashville S, Tennessee, Attn: George R,
Meneely, M, D,, Director, Radioisotope Center

¥est Virginia University, Medical Center Librory. Nargmtown, ¥est Virginia
L’ni*;:rsity of Alétana, Medical Center Litrary, 1915 Seventh Avenve South, Birminghas 3,

Tniversity of Arkansas, Medical Center Library, 43C1 West ¥arkbaa, Little Pock. Arkansas
University of Buffalo, Health Sciencés Library, Copen ¥all 141, Buffelo 14, Nev York
University cf Buffalo, Psychology Department. Buffalo, New York

University of California, Medical Center, BRicewdics} Librery, 1os Angeles 24. California

University of California, 1301 South 45th Strest, Richrond 4. (elifornia, Attn: Civil
Defeuse Bes~arch Project

Usiversity of Qicago, S &ir Force Radiatiom Icboratery, “930 E. $3th Streer. Chicogo 37,
Iiiineis Attm: Director

Ungg_-rsity of Cinciunati, ¥ettering lzloratory, Eden ond Bethesza Awvenues, -Cincinnati 19,

is

Usaversity of Tlorica, College of Medicine, Depertweat of Physiology. Guinesville, Tlorida
Atwmn: Dr. Melvin J. Fregly .

University of Illinois, Aeromedical lchoratory, 840 South Wood Street, Chicago 12, lllinois

University of I1llaneis, Pocurents Divisionm,. Urbano, Illinois Attn: Litrariem

University of Yaucas Nedical Center, Clendening Medical Litrary. Kamsos City 12. ¥ansas

University of Louisville, School of Medicine Library, 101 ¥, Che-trut Streetr, Louisville
¥, Yentucky

University of Maryland, Health Sciences Lilrary, Serials Departsent, 111 Ssuth Greene Street,
Baltirore 1, Marylond

University of Michigan, Serials aid Documents Section, General Litrcry, Ann Arbor, Michigam
University of Minnesota Litrary, Serials Division, Minneaopolis.l4, VMinnesota
University of Wissouri, Medical Litrary, Room M210 Medical Sciences Building. Columbia,
Vissouri
Nebrasks

University of North Carolina, Memerial Hospital, Divivion of Health Affairs Library,
Chopel] Hil!l, North Carolina

University of Oklahoma Nedical Center, Library, 801 N. E. 13th Street, Oklchoma City 4,
Cklctoma )

University of Nebraska, College of Medicine Librery, 42nd ‘and Dewey Zvenue, Orada 3,

University of Oregon, Medical School Litrary, Portland 1, Oregon, Atta: Litrorian

L‘niversity‘ of Pittsburgh, Falk Litrary of the Health Professions, Pittsburgh 13,
Pennsylvania

University of Rochester, &toric Inergy Froject, Technical Report Control Unit, Post
Cifice Bex 287, Station 3, Rochester 20, New York

University of Rochester, Strong Merorial Hospital, 250 Crittenden Boulevard. Rochester
20, New York

University of Southern Califoraia, School of Medicine Litrary, 2025 Zonal Avenve, Los
Angeles 33, California

University of Tennesses, Coll of Medicine, Clirical Physiology, Institute of Clinicel
investigation, 62, South Dunlap, Merphis 3, Tennessee

University of Tennessee Medical Units, ¥ooney Memorisl Library. 62 Scuth Dualap, Merphis,
3, Tennessee, Attn: Librariam

L‘;iversix of Tennessee, Depariment of Bacteriolegy, Fnoxville, Tennessee, Atmn: Dr,
D. Frank Holtoam

University of Texcs Medical Branch Litrary, Galveston, Texas, Attn: Litrariom
University of Utah, Medical Library, Salt lake City 12, Utah, Atta: Librariam
University of Verrmont, College of Medicine Library, Burlington, Verment
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1 : 'é:‘.n: )§_§Z>§Cil. m!m:lsam!. LIBRARIES AND DEPARTMENTS
i N 1 Universitmf Virginia Mediccl Librdry, University Haspital, Charlottesville. Virginia,
3 . Atta: Librariem
1 * 1  University of ¥cshington, Health Sciences Library, Seattle 5. Fashingten
i . 1  University of ¥isconsin Medical School Likrary, SMI Building, N. Clorter $t. ¥odison §.
* ¥isconsin )
FOREIGN
4 1 Apericun Exbossy, Oifice of the United States Arny Attoche. Foreign Service of the’
United States -of Arerica, london, England, Attn: Assistant Arky Attache Medicul)
5‘,‘ 1 5 Br{i)tishr&ny Medieal liciscn Officer. British Army Staff, British Extassy, ¥eskiagton 8,
. . 1  British Navy Staff Office, Benjarin Franklin Statjon, st Office Box 165, Fashington,
D. C., Atts: Surgeon Coptain F. P. Ellis
% 10 Canaliem Liaisen Cffice, US Arey, Office of The Surgecn Geéneral, Roor 17098, Maix Navy
Ki . Building, ¥=shington 25, D, C.
LY 2 Defence Resecrch Yerber, Cinodien Joint Staff, 1450 Messochusetts Avenue, N, ¥..
S Washisgton 8, D. C,
S 1  Germom Military Attache, Teseral ¥inistry of Dw{ense, ¥ashington 25, D. C..

4 1 imborvatery cf Goueral Patholegy and Therepy, Professor Z. M. Bocg. 32, Bd. de la
] Constituticn, Liege, Belgium
1  Royul Society of Medicine, Library, 1, ¥impole Street. london, ¥.1., Englend

1  University of Alterta, Universaty Wdical Librory, Edeonten, Alterta, Connda, Kttm:
Phyllis Russell, Medicol latrariom ’

4 2  University of ¥estern Ontario, Medical School, Departsent of Biophysics, South Street,
. Londen, Gotario, Canada, Attn: Dr. Allen C Hirtoa
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